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EXECUTIVE SUMMARY

GENERAL

This experiment was conducted by the U.S. Army Human Engineering Laboratory (HEL) as
a part of the U.S. Army Materiel Development and Readiness Command (DARCOM)
Short-Range Man-Portabie Antitank Weapon Technology (SMAWT) Program. SMAWT aims to
document the major design characteristics and performance parameters for an individual antitank
weapon system which can replace the M72 Lightweight Antitank Weapon (LAW). The design
parameters for the future weapon, relevant to the design of sights and mockup weapons used in
this experiment, are 1200 feet-per-second muzzle velocity, 81mm diameter, and 8-pcund
(approximate) weight.

This experiment compared the performance of nine range-finding sights and a post-and-peep
(rifle) sight, to select a sight for the future weapon. This report describes the investigation of
these ten potential sight designs.

OBJECTIVES

1. The main objective was to measure and compare the nerformance of gunners using
various sighting and ranging methods incorporated into 10 sights for a shoulderfired antitank
weapon.

2. Ancillary objectives with respect to length/width stadiametric range-finding sights were:

a. To measure how muzzle velocity and the resultant stadia-slope characteristics affect
human performance; and

b. To determine, through a separate theoretical mathematical analysis, the
range-finding biases, and the upper limit to range-finding precision as a function of the target'’s
aspect angle.

PROCEDURES

Four groups of five gunners, tested sequentially, simulated firing a shoulder-fired antitank
weapon at an M60 tank. Ten weapon sights were evaluated in two test phases: five sights with the
first two groups of gunners in Phase 1, and five different sights with two other groups of gunners
in Phase Il (Figures 2 and 3, and Table 1). The gunners fired from boot)s using an unsupported
bench-rest firing position. Each gunner in a group was tested with all five sights. For each
gunner-sight combination, the target was presented at five ranges, three speeds, and three aspect
angles; each combination of conditions was replicated twice. The firing was conducted during
daylight hours. The target was presented in the open and, when moving, proceeded in a
straight-line path.

RESULTS
he results of the experiment showed that none of the sights tested provided much

improvement—either in accuracy or time to fire—when compared to conventional firing, where
the gunner uses iron sights and estimates range without an aid.



Of the stadia-sights tested, the length/width stadia sights gave the better perfprmance; the
three-power sight yielded the best performance. For the current state-of-the-art design, hqwever,
aven the best stadia-sight gave only slightly higher hit probability than conventional firing can
achieve. The relatively poor performance of length/width stadia sights is attributable to a number
of sources of superelevation or range-measurement bias.

Other types of stadia sights were less effective than the length/width stadia sights.

The RPG-7 sight, which uses target height for ranging, caused higher superelevation errors
than the length/width stadia sights, especially at the longer target ranges.

The variable-power optical sighis used target height, target length and width, and the relative
size of a man-silhouette for ranging. They were larger and heavier than the other sights, so that
the weapon tended to be unstable when the gunner adjusted it during ranging. Using them
required almost twice as much time as for the other sights, and the superelevation errors were

larger than for the other stadia sights.

The three-power fixed-QE turret stadia sight—which combined two fixed-QE’s with stadia
gates based on a turret width—did not improve the gunners’ range estimation over that of an
unaided gunner. Also, the crossover ranges between QE’s were sensitive to changes in apparent
turret width, caused by presenting the target at the three aspects in the experiment.

A theoretical analysis (Appendix A) showed that, for a perfect gunner, target range
measured with length/width stadia varies as a function of the target-aspect (or presentation)
angle. The effect of target aspect on ranging performance is shown in Figure 20. For the target
used in this experiment, an M60 tank, the range could be in error by more than plus-or-minus 10
percent.

These should have been—and, in fact, the experiment did show=different superelevations
for the three target aspects. The magnitudes, however, were not exactly as theorized. More
important, all of the sights gave a substantial mean superelevation bias (low) which could not be
accounted for in terms of instrumentation, boresighting, or experimental error. Figure 35 shows a
good example of the differences in mean superelevations between target aspects and the overall
reduced superelevations. Some sources of superelevation bias were traced to their origin, and the
sources of other biases were hypothesized.

Rifle sights with three fixed QE’s can theoretically provide the gunner with more accurate
performance than conventional techniques (Figure 61). However, this assumes that in classifying
range into three brackets the gunner has a range-estimation error of about 21 percent, and there
is no range-estimation bias. Further testing is necessary to verify these assumptions before relying
on any theoretical improvement in performance over conventional firing.

Because none of the sights tested offered any sizable improvement in performance
compared to conventional firing, other possible firing methods were examined theoretically,
using aiming errors recorded for the rifle sight and the three-power turret stadia sight, to
determine if a one-fixed-QE firing technique, or fixed QE combined with conventional firing,
could improve performance over conventional firing.

Aiming errors recorded for the rifle sight and the three-power sight (turret stadia sight) were
approximately 1.2 and 0.9 mils, respectively. Hit probabilities for a one-fixed-QE firing technique



for various assumed values of aiming error were computed by AMSAA (Figure 63). This figure
shows that the three-power sight offers only a small increase in hit probability, as compared to
the rifle sight. For conventional firing, a similar result can be expected.

For ranges less than approximately 300 meters, a one-fixed-QE firing technique provides a
higher hit probability than the conventional firing technque (Figure 64). But beyond 300 meters,
hit probability rapidly falls to zero.

The disadvantage of using only fixed-QE, or only conventional firing, can be overcome by
combining fixed-QE and conventional-firing techniques in a sight, with range increments and a
fixed-QE aimpoint.

Major Conclusion

. Unless technology associated with the design of stadiametric range-finding sights can
be: improved, these sights do not offer any advantage over using a simple peep-and-post sight
with the man estimating range and/or using a fixed-QE firing technique.

Major Recommendation

Therefore, it is recommended that the sight for the SMAWT weapon should be a simple
sight, integral to the weapon, such as a peep-and-post with adjustable range increments,
combining fixed-QE and conventional firing.



SIGHTS FOR LIGHT ANTITANK WEAPONS

INTRODUCTION

General

In recent years, the infantryman has been the subject of many itudies to devise ways of
increasing his battlefield effectiveness. One such effort is the SMAWT ' Program. This program
has as its objective the documentation of major design characteristics and performance
parameters of an individual antitank weapon *in such a manner that their interrelations can be
quantified for trade-off analyses. At the conclusion of these analyses, it should be possible to
prepare specifications for an improved ballistic antitank weapon system to replace the M72 LAW.
The U.S. Army Human Engineering Laboratory (HEL) has participated in this program from its
inception, addressing such subjects as weapon signature, length, weight and ruggedness. (Reporis
of those efforts are being published separately).

Another feature of an antitank weapon in which human factors play a significant role is the
sighting subsystem. A perfectly engineered weapon which is designed to be short, light and Iethq}
may still be useless unless the gunner can successfully bring the single round onto the target.
Influencing this achievement are not only the abilities and training of the gunner but also the
design characteristics of the sight and the discrete human-performance tasks it requires. The
experiment rerorted here addressed the latter two factors—sight design and the discrete
performance tasks. It provides quantitative data relating 10 sight designs (and their attendant
human<performance tasks) to performance of the man-weapon system.

Sighting Concepts and Their Attributes

The sighting 3nd fire-control problem is particularly difficult for a one-shot, throw-away,
individual weapon~. The sight must be effective, yet small, lightweight, inexpensive, and
preferably an integral part of the weapon.

An infantry ballistic antitank weapon sight can use several means for the gunner to select
the sight superelevation when firing a round at a known target range: (1) a graduated sight reticle,
(2) an adjustable peep, or (3) a cammed surface between the sight and the weapon. In all three
methods, the superelevation graduations or adjustments are based on trajectory information (i.e.,
range versus launch angle).

' An acronym for Short-Range Man-Portable Antitank Weapon Technology.

2 With an unsuccessful firing, the weapon can be harmful, as well as useless, if it discloses the
infantryman’s position.

3 Asa replacement for the M72, the SMAWT embodies this concept.
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When the target range is unknown, an alternative to the gunner’s guessing the range is
incorporating a range-finding aid into the sight. Almost all range-finding aids are based entirely on
a stadiametric principle, relating the angle subtended by a know target dimension to a portion of a
reticle interposed between the gunner’s eye and the target. A sight combining this principle with
trajectory information is a stadiametric range-finding sight, or stadia sight.

Stadia sights have an inherent source of error: they must be designed for a specific target
size. If the target size the sight’s design assumes differs from the actual target size, it causes a
range-finding error—which, in turn, produces a superelevation error. The range-finding error is
equal to the percent difference in target dimensions; with a larger target, range is
under-estimated, and vice versa. The resulting superelevation error is a function of weapon
hallistic trajectory; a low=trajectory (or high muzzle-velocity) weapon is less affected by range
error than is a high=trajectory (or low muzzle-velocity) weapon.

A length/width stadia sight has two additional sources of range-finding error. First, the
stadia lines are split down the middle for use against head-on (frontal) targets. If the sight is to
achieve the same accuracy for a target head-on as it does side-on, the target’s length-to-width
ratio must be 2 to 1, which is seldom the case. Second, when the target-presentation (aspect)
angle lies between head-on and side-on, the apparent target size changes, and the reference target
dimensions are no longer appropriate. Figure 1 depicts the length/width stadia range-finding
method. Appendix K presents a description of stadia-ranging errors.

A stadiasight based on target height avoids the errors arising from vehicle aspect and
length-to-width ratio that are inherent in length/width stadia sights. The height stadia, however,
introduces problems which arise from: (1) interpolating range from the stadia lines, and
transferring the target image to the proper range line; (2) the target’s vertica! aspect error,
especially for head-on or nearly head-on targets, when the target pitches forward or backward
because of terrain features, and (3) the likelihood that terrain undulations and low brush or grass
will partially conceal the bottom of the target.

A nonstadiametric approach to the sighting problem, currently gaining in popularity, is a
fixed-QE (quadrant elevation) technique.” Here the gunner estimates whether a target is within
one or more range brackets and uses a preselected sight superelevation mark as the aim point. The
superelevation is preselected to maximize hit probability out to a specified range, beyond which
the hit probability rapidly falls to zero. The maximum effective range is highly dependent on the
round’s trajectory, and flat trajectories extend the range. It is also obviously dependent on the
target’s height.

Optical Versus Non-optical Sights
Both optical and non-optical (simple) sights are currently used with antitank weapons:

optical sights with crew-served reusable weapons, and non-optical sights with individual one-shot
throwaway weapons,

4The French-built STRIM antitank weapon uses a sight with one fixed QE.

12



151. RULES FOR APPLYING STADIA MEASUREMENTS

a. When the tank is broadside to your rifle location, position the ends of the tank between
the stadia lines ((Uof fig. 61).

b. When the tank is facing directly toward you or directly away from you, position it
between either stadia line and the vertical center line of the reticle ((2) of fig. 61). Use one-half of
the stadia since the assumed width of the tank (10 feet) is one-half of the assumed length (20
feet).

c. When the tank is at the oblique to, or from, your position, and the length dimension
appears greater than the width dimension, position the entire outline of the tank between the
two stadia lines ((3) of fig. 61).

d. When your situation is the same as the one in ¢ above, except that the width dimension
appears greater than the length dimension, position the width of the front or rear of the tank
between either stadia line and the vertical center line of the reticle ((¢) of fig. 61).

e. In each situation, read the range to the target directly opposite (horizontally) the point
where the ends of the reference dimension touch the stadia line.

Caution: The stadia lines assist you in determining range only; they do not give you the
sight picture to engage the target. You must correctly position the target in the sight reticle for
range and leads after you have used the stadia lines to assist you in determining the range.

TANK HEAD ON

1] L]
Figurc 61. Ecamplcs of the use of stadia lines. Figure 61, Ezamplcs of tAe use of stadia lines—-—Contlnued.

TANK OBLIQUE TANK OBUIQUE
LENGTH APPEARS QREATER THAN WIDTH WIDTH APPEARS GREATER THAN LENGTH

w i
Figure 61. Rzamplcs of the ure of atadio Huea—Continved Figure 61, Eramplra of the uze of stadia lines— Contloued.

Fig. 1. Conventional length-width stadia range-finding method.
(Reprinted from Reference 1)
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Choosing an optical sight for the SMAWT weapon would create problems. It would be
difficult to make the sight an integral part of the weapon; even though the sight could be made
relatively small, it would still protrude from the weapon and might be damaged (knocked off or
misaligned). It is also relatively expensive to provide an optical sight for each round. A detachable
sight could be carried in two ways: (1) stored inside the weapon in one of the end caps, or (2)
stored in a pouch the gunner carries. Removing the sight from an end cap and mounting it to the
weapon would delay firing. If the sight were carried in a pouch, there would be less firing delay,
but there is a possibility that the gunner would have a weapon without any sight. In either case, it
is likely that, once the weapon is fired, the sight would be discarded with the weapon.

A non-optical sight, similar to the one used with the M72 LAW, is better suited for a
SMAWT weapon because: (1) it is relatively inexpensive and therefore expendable; (2) both the
front reticle and rear peep are hinged for storage in a compartment on the weapon; and (3) firing
preparation is minimal, since extending the weapon for firing automatically releases the sight
from its compartment so it is ready for use.

Although offering advantages over an cptical sight, a non-optical sight may not be accurate
enough. A non-optical sight requires the gunner to align the rear pcep and front reticle on the
target while performing two incompatible tasks: focusing on the sight reticle and on the target
simultancously. This causes parallax and aiming error. Also, the relative positions of the gunner’s
eye and the rear peep affect range-measurement accuracy with a non-optical stadia sight.

With an optical sight, the reticle and target are focused in the same optical plane, and the
gunner need only align one point on the target. The addition of magnification can increase
resoiution, effective range, and target visibility. The field of view, however, is restricted by
aperture diameter and eye relief.

Sights Tested

The 10 different sights that were examined in this experiment included non-optical,
fixed-power optical, and variable-power optical; stadia lines based on a target length and width,
height, and the relative size of a man-silhouette; stadia lines based on a turret diameter combined

with fixed-QE techniques; and unaided range estimation combined with fixed QE techniques.

The tested sights which use standard length/width stadia ranging are the M72 sight,
advanced L AW sight, reflecting sight, and modified M72 sight.

The tested sights which do not use standaid length/width stadia ranging are post-and-peep
(rifte) sight, RPG-7 height stadia sighy, and ART man-silhouette range-finder sight. The operation
of these sights is described in Appendix B.

Test Objectives

The main objective was to measure and compare the performance of the various sighting and
ranging methods incorporated into 10 sights applicable to a shoulder-fired antitank weapon.

14



Ancillary objectives with respect to length/width stadiametric range-finding sights were:

a. To measure the performance effect of muzzle velocity and, hence, stadia- slope
characteristics; and

b. To determine, through a separate theoretical-mathematical analysis, the range-finding
biases and upper limit to range-finding precision—best precision under ideal conditions—induced
by target-aspect angle.

METHOD

General

The experiment was divided into two phases, with five different test sights in each phase. In
Phase |, standard U.S. Army length/width stadia sights and the rifle (post-and-peep) sight were
tested; in Phase i, the other sighting concepts were tested. Both phases were conducted using the
same procedures, but with some modifications to both the gunners’ training and the target in
Phase ll. Table 1 lists the sights tested in each phase and their principal characteristics.

The experiment utilized an idealized firing scenario tailored so system analysts could use it
readily to compare the sights and compute the most important performance parameter, hit
probability. The experiment was conducted in a open field, and the target, when moving proceeded
along a straight—line path at a constant speed. The gunners fired from only one position and all
firing was done under daylight conditions.

Target Area and Test Conditions

The experiment was conducted at the Wirsing Test Area located near Phillips Army Airfield
at APG, MD; a different area was used for pretest training. The firing point and gun-target line
were selected to provide an unobstructed view of the target area (an open field with a tree line
beyond the maximum target range) to a range greater than 450 meters from the firing point. The
test area is diagrammed in Figure 2.

An unsupported benchrest firing position was chosen to achieve the low aiming error
associated with prone firing, yet provide the gunners with a nonfatiguing posture. The firing was
done from five booths mounted on a truck bed located at the firing point. The truck bed was
braced to remove it from the vehicle suspension system, thus providing a level, stable firing
platform. Each of the booths was about 1 meter wide and contained a score sheet, a seat, a
contoured shelf, and hooks to hold the weapon between test trials.

The target'vehicle was an M60AT tank.
The target ranges were 130, 210, 290, 370, and 450 meters. Since the subject would fire at

the same target range a number of times, two target positions were employed at each range. The
nominal target locations were within a 20-degree arc downrange from the center firing booth.

15
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Targetengagement (aspect) angles of 0 and 90 degrees (corresponding respectively to frontal
and side-on targets) were selected to force the gunners to use half and full stadia with the
length/width stadia sights. A third aspect angle of 62.4 degrees was chosen to investigate the
effect of change in apparent target size on superelevation.

Target speeds were O (stationary), 7, and 14 miles per hour. No lead was applied to the
sights for the moving targets. For the 14-mph targets, the closest target range (130 meters) was
not used, and the target aspect was limited to side-on only.

Each target location contained surveyed-in 6-inci high colored stakes which could not be
readily seen by the gunners. Three of these stakes, at the vertices of a right triangle, were used to
predetermine target aspect; the others were guide markers for positioning the tank. To locate the
tank in the proper aspect, the driver positioned the tank beyond the stakes so that the two
selected aspect-locator stakes and guide-marker stakes were aligned with the tank’s centerline. On
signal, he drove over the stakes while maintaining this alignment, stopping at the correct
aspect-locator stake for the stationary-target conditions.

Tested Sights and Reticles

Frankford Arsenal designed the reticle patterns and furnished all sights except the
post-and-peep (rifle) sight and RPG-7 sight. The reticles were designed from ballistic data
provided by the U.S. Army Materiel Systems Analysis Agency (AMSAA) and were manufactured
by the W. and L.E. Gurley Co., Troy, N.Y. Reticle measurements made by Frankford Arsenal are
contained in Appendix E.

Length/width stadia sights are typically designed for a 20- by 10-foot target (1, 2, 4); the
2-to-1 length-to-width ratio is necessary because the stadia are split down the middle. The sights
in this experiment were designed for the actual target, to minimize range-estimation bias caused
by differences between the typical and actual target sizes. Since the M60 target size (6.95 by 3.63
meters, or 20.39 by 10.65 feet) did not have a 2-to-1 ratio, the averaged target size
dimensions—7.10 by 3.55 meters—were used in the reticle design.

The stadia-lines in the Phase | sight reticles were designed for differing minimum and maximum
ranges. The approximate minimum and maximum ranges are shown in Figure 3.

The reticle patterns which are shown in Figures 3 and 4 contain range lines and lead lines
but, except for the RPG-7, no range numbers.

The subjects fired at each target range at least 12 times with each sight. Range numbers were
eliminated from the sights to preclude the possibility that subiects might remember target ranges
and transfer this information from sight to sight. Also, the purpose of the experiment was
to measure the ranging capability of the sight. Addition of range numbers would have confounded
the ranging capability of the sight with the subject’s visual range estimation.

The simple stadia sights (M72 and modified M72) were manufactured using the peep portion
from an M72, as illustrated in Figure 4. The separation between rear peep and front reticle was
the same as for the M72, 19.78 inches. The front sight was made of glass, rather than the plastic
used in the M72,

18
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The rifle sights were manufactured ta the dimensions of the M16 rifle for front post and
rear peep. The quadrant-elevation selector was a three-position rotary switch operable from either
side of the peep. The three positions were labeled ‘‘near,’” “mid,’’ and “far,” corresponding to
rotating the switch away from the gunner. For ease of fabrication, the change in superelevation
was only simulated by the range-switch setting; i.e., the rear peep remained fixed.

Mockup Weapons

Mockup weapons, shown in Figures 5 and 6, were fabricated from design drawings provided
by the U.S. Army Missile Command (MICOM). This design includes a shoulder stop and trigger,
similar to the Swedish-built Mini-Man antitank weapon. The trigger, a thumb-operated
pushbutton, is in line with the bore of the weapon, rather than counter to it (as with the M72).
The center of gravity for the weapon is about 1 inch forward of the shoulder stop.

Instrumentation

Affixed to the rear of each weapon was a magazine-loaded, windup 16mm motion picture
camera. The camera was positioned so that the lens looked through the barrel. Figures 5 and 6
show the assembled weapons with sights attached. Four of the weapon cameras were equipped
with 150mm lenses. The camera on the other weapon, whose sight (M72, sight 2) in Phase | was
designed for a 475 ft./sec. muzzle velocity, was equipped with a 100mm lens to increase the field
of view.

The sights for the first four weapons above were offset approximately 10 mils from the
point-blank range line of sight; this compensated for the weapon elevation, so that targets were
within the camera’s field of view even at the far target ranges. The M72 sight, because of its larger
superelevation, was offset approximately 55 mils.

Operating the weapon trigger completed an electrical circuit, illuminating a light located on
the side of the camera and starting the camera. Measured time between circuit closure (as
indicated by the light) and full opening of the camera shutter was approximately 30 milliseconds. The
cameras operated at 16 frames per se-ond. A timer located on the weapon automatically shut the
camera off approximately 0.5 second after trigger operation. Two fiducial markers were inserted
in each camera’s film plane, to provide fixed reference points for subsequent data reduction.

Another camera was located behind the gunners to provide time-to-fire data. This camera,
operating at 7.5 frames per second, photographed the subjects and recorded when the light on
the end of the weapon camera was lighted.

Subjects
Four groups of five enlisted infantrymen, two groups in each test phase, were the subjects in

the experiment. The subjects had all received prior training with the M72 LAW and had served in
Vietnam.
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Questionnaires

Two different questionnaires which solicited “user preference’ were administered to the
subjects. The questionnaires required the subjects to rate (questionnaire 1) and rank
(questionnaire 2) the sights with respect to specific performance criteria. Sample questionnaires
are shown in Appendix F,

Procedure
General

Five sights were examined in each phase of the experiment, and two different groups
of five subjects each were used in each phase. The subjects in each group were assigned numbers
from 1 to 5 for identification. Testing on each group was divided into six test days, numbered
from 0 to 5. During day zero (0), the subjects were trained on the sighting procedures and pretest
measurements were obtained. Days 1 through 5 were the main part of the experiment.

Phase 1 :
(1) Training

The subjects were told that their performance in the experiment would influence
selection of the sight on a new weapon. In addition, they were told that they would be asked to
rate the performance of each sight, so questions concerning the merits of each sight could not be
answered until completion of the experiment.

The mockup weapon systems were shown to the subjects, and each subject was given
an opportunity to look through the sights and get the feel of the weapgns. For each sight, the
experimenter explained the relationship of the plexiglas training aids® to the sight, and the
proper sight picture and aiming point on the target at each range and aspect. The subjects were
then trained individually.

For the stadia sights, the subjects were instructed to touch the edges of the target to the
inside edges of the stadia lines, except when using the reflecting sight against head-on targets.
Here the subjects were instructed to place one edge of the target in the center of the wide
(approximately 3 mils) vertical range-line.

The aiming methnd used with the stadia sights for target sizes that were too large (near
target range) for the stadia lines, or too small (far target range), was:

(a) Near Targets—The zero-range cross was positioned at the target’s center of mass,
located 1 foot below the tank turret ring.

(b) Far Targets—The sight was elevated to maximum range and the bottom part of the
vertical centerline of the sight positioned at the target's center of mass.

SReticle patterns of each sight were scribed on plexiglas overlays and used as training aids
together with color photographs of an M60 tank shown at three aspects and six different ranges.
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After the sight training, a range-estimation course was conducted, because the accuracy of
the rifle sights (post-and-peep) depended on the subject’s ability to estimate range. The training
method was the *“100-meter unit of measure’ (2), in which the subjects determined the number
of 100-meter increments and fractions thereof to a landmark, then verified their estimates by
pacing off the distance. The training was conducted at a premeasured area shown in Figure 1C
(Appendix C). Five landmarks at different ranges were used and, after each distance was paced
off, the true distance was revealed to the gunners. Next, a training exercise with the weapons was
conducted at the same area.

To provide training with the real sighting systems, each weapon and sight was mounted on a
tripod equipped with azimuth- and elevation-adjustment thumbwheels. The target tank was
positioned at one of four ranges'and each subject, in turn, adjusted the azimuth and elevation of
the weapon to position the sight on the target. The experimenter checked the sight picture and
informed the subject whether or not it was correct. If incorrect, the correct sight picture was
described to the gunner, who then repositioned the sight to obtain a new sight picture.

Five different range-aspect combinations were used for each sight. Figure 2C (Appendix C)
shows the training-area target layout and order of target presentation for each weapon. Target
ranges used in this training were different from those used in the main test.

(2) Main Test
(a) Experimental Design

The main test was divided into five test days, to provide a counterbalanced
experimental design in which each subject fired a differcnt weapon each day. The weapons and
firing booths were assigned to the subjects according to the orthogonal matrix shown in Figure 7.
A different matrix was used for each o the two groups of subjects in order to balance (as much
as possible) assignment of sequential pairs of weapons.

Each test day was divided into two replications of 15 stationary, 15 low-speed (7 mph), and
4 high-speed (14 mph) target presentations, in that order. An equal number of targets was
presented at each target aspect for the stationary and 7-mph target speeds. Only side-on targets
were presented for the 14-mph target conditions. The experimental variables for each test phase
are shown in Figure 8.

The target sequences used.each day are shown in Table 1D (Appendix D). The sequences
were assigned to each day's target presentations according to the matrix shown in Table 2D

(Appendix D).
(b) Scenario

At the beginning of each day the procedures were explained to the subjects, who were
then assigned to firing booths and weapons. They were given the assigned weapon and sight for
familiarization with the test procedures and the firing position, during which the test personnel
asked them individually’ to explain the operation of the sight. When all subjects reported
confidence in operation of the sights, the test was begun.
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